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(54) Movable unit with rolling elements 

(57) A relatively movable unit with rolling elements, 
or balls, adapted for use in a linear motion guide unit or 
a ball nut screw assembly. The relatively movable unit 
has lubricating rings(22) disposed between any adjoin- 
ing balls(7) to thereby lubricate the balls(7). In the linear 
motion guide unit employing this relatively movable unit, 
the balls(7)are confined in raceways(26) at the interfac- 
es between a track rail(2) and a slider(1), while the lu- 



bricating ring(22) is arranged between the adjoining 
balls(7). The lubricating ring(22) is provided therein with 
spherical pockets(10) opened to each other through a 
window(25) at the center of the ring(22). The lubricating 
ring(22) may be produced by forming a mixture of lubri- 
cant of turbine oil with resinous material of ultrahigh mo- 
lecular weight polyethylene powder in a mold under 
pressure, and heating the molded mixture under pres- 
sure. 
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Description 

[0001] The present invention relates to a relatively 
movable unit adapted for use in a linear motion guide 
unit, a ball nut and screw assembly or the like incorpo- 
rated in machine tools, assembly machine, testing in- 
struments or the like, and constructed so as to make 
relatively sliding movement by means of rolling ele- 
ments which are movable between the confronting race- 
way grooves. 

[0002] The recently remarkable development in me- 
chatronics technology requires linear motion guide units 
improved in precision, speed and miniature and the use 
of such apparatus extends into many technical fields. 
The relatively movable units such as linear motion guide 
units, ball nut and screw assembly or the like are in gen- 
eral employed in various machines and apparatus. The 
relatively movable units are required more and more to 
deal with the high-speed moving, miniaturization and in- 
crease in load carrying capacity, and also help ensure 
the long-term durability, low-noise and low-vibration in 
operation, and determine precisely the position of instru- 
ments and devices. 

[0003] The linear motion guide unit shown in FIG. 9 is 
a well-known example of a relatively movable unit. The 
conventional linear motion guide unit has a sliding ele- 
ment, or slider 1 , saddling on a track rail 2 so as to freely 
move along and with respect to the track rail by virtue 
of circulation of rolling elements, or balls 7, along the 
raceway grooves 4 on the rail 2. The track rail 2 has on 
lengthwise side surfaces 3 thereof with raceway 
grooves 4 and has on lengthwise upper surface thereof 
with openings 1 3 spaced from each other. The track rail 
2 is fixed together with the mounting base 15, such as 
a bed, machine base, work table or the like, by screwing 
bolts through the openings 13 of the track rail 2 and 
openings in the mounting base 15. The slider 1 has a 
casing 5 movable with respect to the track rail, 2, and 
end caps 6 bolted at 1 6 to the opposing ends of the cas- 
ing 5. Provided on the upper surface of the casing 5 are 
openings 19 for fixture to other appliances, parts, 
chucks, grasping jaws or the like. Both of casing 5 and 
the end caps 6 are formed on the lower surfaces thereof 
with recesses 10 by which the casing 5 and end caps 6 
may saddle on track rail 2 for free movement. The re- 
cesses 1 0 are each formed with a raceway groove 9 in 
opposition to any one of the raceway grooves 4 on the 
track rail 2. The rolling elements, or balls 7 are confined 
for free movement in raceways 26 defined by the race- 
way grooves 4 and 9. Retainer bands 18 are provided 
in the casing 5 so as to surround balls 7 to thereby pre- 
vent the balls 7 from falling out of the casing 5. Bottom 
seals 8 are secured to the lower surfaces of the slider 1 
for sealing betw en th track rail 2 and the slider 1 . 
[0004] The end caps 6 are provid d with claws for 
scooping up the balls 7 from the rac way grooves 4 
forming the load areas with the track rail 2. The end caps 
further have turnaround passag s for ndless circula- 



tion of the balls 7. Mounted on the end caps 6 are end 
seals 17 for keeping sealing function between the track 
rail 2 and th lengthwise opposing ends of slider 2. The 
balls 7 move along the load areas, that is, the raceway 
5 grooves 4 of the track rail 2 and then come in the turn- 
around passages in the end caps 6. The balls 7 further 
move to the return passages 12 which are formed in the 
casing 5 in parallel with the raceway grooves 9. It will 
be thus understood that the balls 27 may run in a circu- 
it fating manner though the raceways, turnaround passag- 
es and return passages 12. As a result, the slider 1 may 
move smoothly and relatively to the track rail 2 by the 
action of the balls 27 that run through the load areas 
along the raceways 26. The substance most frequently 
used as lubricants for the prior linear motion guide unit 
have been greases or lubricating oils. Greases are fed 
from grease nipples 11 on balls 7 in the raceways 26, 
whereas lubricating oils are fed through pipe joints in- 
stead of the grease nipples. 

[0005] Shown in FIG. 10 is a prior ball nut and screw 
assembly 40 of conventional tube type. The ball nut and 
screw assembly 40 is comprised of a screw shaft 41 
having an external helical groove 43 extending along the 
outer peripheral surface thereof, and a nut 42 mounted 
on the screw shaft 41 for translational motion. A tube 45 
is secured in the nut 42 by means of a tube retainer 46 
and the rolling elements, or steel balls 44, are loaded so 
as to run in a circulating manner through an internal hel- 
ical groove 47 in the nut 42 to the tube 45. As any one 
of the screw shaft 41 and nut 42 rotates with respect to 
the other, the balls 44 run along the helical groove in the 
nut 42 whereby any one of the shaft 41 and nut 42 
moves relatively to the other in a translational moving 
relation. A helical raceway 49 on which the balls 44 run 
is defined by the external helical groove 43 on the screw 
shaft 41 as a first raceway groove and the internal helical 
groove 47 in the nut 42 as a second raceway groove. 
The tube 45 is connected with both of opposing ends of 
the helical raceway 49 to thereby provide a return pas- 
sage 48 for endless circulation of the balls 44. 
[0006] As will be seen from the foregoing, in the prior 
linear motion rolling guide unit, the balls 7 may run in 
the slider 1 in a circulating manner as the slider 1 moves 
linearly along the track rail 2. In the prior ball nut and 
screw assembly shown, the balls 44 may run in the nut 
42 in a circulating manner as the nut 42 moves relatively 
to the shaft 41. 

[0007] When the bails 7 run through the load areas 
defined between the confronting slider 1 and tack rail 2 
in the linear motion guide unit, metal-to-metal contact 
may happen between any adjacent balls. In other words, 
the balls are brought into the metal-to-metal contact be- 
tween any adjacent balls closely approaching each oth- 
er, which closest approach may be caused by the de- 
formation occurring in the raceways owing to the circu- 
larity of the ball, the flatness of the track rail, or the un- 
v n load exerted xternally. All balls roll in the same 
dir ction and thus th p ripheral velocities at the contact 
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interlaces of th adjoining balls are reverse in dir ction 
with respect to each other. As a result, th frictionally 
resistant force occurring at the metal -to-metal contact 
surfaces of the adjoining balls impedes the smooth roll- 
ing of the balls. Upon the slider moving in a sliding man- s 
ner under the condition as described above, the balls 
primarily roll, but sliding and/or repeated collisions with 
the adjoining balls or raceway grooves occur, resulting 
in generation of noise and vibration of relatively high fre- 
quency and in premature wear. Hence, the prior linear 10 
motion guide unit is apt to be in general reduced in ac- 
curate guide ability as well as in durability. In case the 
moving stroke of the slider 1 along the track rail 2 is less 
than a few millimeters, it has been experienced that the 
frictional wear due to a failure of lubricant film is apt to is 
happen at the surfaces of the balls and raceways. How- 
ever, it has been very hard to eliminate the frictional 
wear in the prior lubrication systems by which greases 
or lubricating plates are not applied directly to the balls, 
but solely applied to the raceways of the track rail. 20 
[0008] The prior ball nut and screw assembly has the 
problem, similar that in the linear motion guide unit, of 
the frictional wear caused by the metal -to-metal contact 
of the balls 44: 

[0009] Any of the linear motion guide units and the 25 
ball nut and screw assembly have been recently more 
and more employed in various wide operating environ- 
ments including severe lubricating conditions where it is 
hard to supply the lubricants such as greases, or a scat- 
ter of lubricants is not permitted Further depending up- 30 
on the operating conditions, the maintenance-free de- 
signs may be required, with accompanying reduced lu- 
bricant replenishment. To cope with this requirement, it 
has been already known to incorporate a lubricant-con- 
taining member in to the slider. 35 
[0010] Disclosed in Japanese Patent Laid-Open No. 
1 70641/1 996 is, for example, a linear motion guide unit 
of self-lubricating type capable of automatically supply- 
ing lubricants to the balls. Ball spacers of polymers con- 
taining lubricants are each inserted between any adjoin- 40 
ing rolling elements and the lubricants exude little by lit- 
tle therefrom to be supplied automatically onto the sur- 
faces of the balls and endless circulating passages. 
[0011] Japanese Patent Laid-Open No. 54844/1995 
discloses another linear motion guide unit of self-lubri- *s 
eating type capable of automatically supplying lubri- 
cants to the balls. Polymers containing therein lubri- 
cants are used for lubes fitted in holes for ball-return 
passages in a slider, a part of turnaround paths and ball 
retainers in raceways defining load areas. so 
[0012] In a linear motion ball bearing unit for guiding 
linearly a slider body along a rail, disclosed in Japanese 
Utility Model Laid-Open No. 41724/1989, a slider body 
is provid d with bor s for ball-return paths which are 
communicated forth circulation of balls with rac ways ss 
defined betwe n the confronting slider body and rail. 
The bore surfac s are coated with self-lubricating mem- 
bers. 
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[001 3] Another type of th linear motion ball bearings, 
disclosed in Japanese Utility Model Laid-Open No. 
53521/1989. is provided with an endless circulation 
paths which are comprised of ball-return zones in a slid- 
er body and load zones defined by confronting grooves 
on the slider body and rail. The circulation paths are 
filled with baits of solid steel balls and lubricating balls, 
which are arranged alternately in the paths. The lubri- 
cating balls are made of a substance having self-lubri- 
cating property or a porous member impregnated with 
lubricants. 

[001 4] Japanese Patent Laid-Open No. 1 63550/1 990 
has for its object to prevent metal-to-metal contact of 
steel balls with a failure of lubricants. The disclosed ball 
nut and screw assembly is provided with balls of diam- 
eters less than that of the steal balls. The balls are made 
of materials having self-lubricating property for exam- 
ple, materials having a layer lattice structure represent- 
ed by molybdenum disulfide, soft metals represented by 
gold, silver and lead, and polymers represented by 
tetrafluoroethylene. The materials exemplified above 
are solid lubricants that do not vaporize even in the vac- 
uum atmosphere, but may lubricate the interfaces of 
metals resulting in reducing frictional wear. 
[001 5] According to the prior linear motion guide units 
of the types described above, at least any one of the 
raceways and balls is partially composed of materials 
impregnated with lubricants, so that any special 
processing should be required to any one or both of the 
raceways and balls. Such raceways and balls may be 
automatically fed with lubricants, but they are lacking in 
mechanical strength withstanding large load because of 
the lubricant-impregnated materials having no strength 
as high as the steel. 

[0016] The present invention, therefore, has as its pri- 
mary aim the provision of an improvement in a relatively 
movable unit such as a linear motion guide unit, ball nut 
and screw assembly or the like, employing just the con- 
ventional rolling elements and raceways along which 
the rolling elements run, the improvement in which the 
rolling elements may automatically applied with lubri- 
cants by self-lubricating means even with no lubricant 
replenishment whereby large loads may be supported 
without deformation and damage such as premature 
wear due to a failure of lubricant film. 
[0017] It is an aim of the present invention to provide 
a relatively movable unit with rolling elements, compris- 
ing a first member provided with first raceway grooves, 
a second member movable relative to the first member 
and provided with second raceway grooves confronting 
with the first raceway grooves, rolling elements movable 
along raceways defined between the confronting first 
and second raceway grooves, and at least one lubricat- 
ing ring interposed between any adjoining rolling lo- 
rn nts so as to run through the rac ways tog th r with 
th rolling elements while lubricating the rolling ele- 
ments. 

[0018] Another aim of the pres nt invention is to pro- 
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vid a lubricating ring of a configuration having a cylin- 
der of cross-section along a dir ction normal to th race- 
ways. 

[001 9] A further aim of the present invention is to pro- 
vide a lubricating ring provided inside thereof with spher- s 
ical pockets for partially receiving the adjoining rolling 
elements. 

[0020] A further aim of the present invention is to pro- 
vide a lubricating ring having a window at the center 
thereof, through which the adjoining rolling elements are io 
brought into contact with each other. 
[0021] An additional aim of the present invention is to 
provide a relatively movable unit with rolling elements, 
wherein the rolling elements and lubricating rings run 
along endless circulation passages inclusive of the is 
raceways in freely circulating movement. 
[0022] Another aim of the present invention is to pro- 
vide a relatively movable unit with rolling elements, 
wherein the endless circulation passages are com- 
prised of the raceways formed by the second raceway 20 
grooves on the second member, turnaround-paths pro- 
vided in end caps secured to the opposing ends of the 
second member so as to communicate with the race- 
ways, return-paths provided in the second member so 
as to communicate with the turnaround-paths. 2S 
[0023] A further aim of the present invention is to pro- 
vide a relatively movable unit with rolling elements, 
wherein other adjoining rolling elements between which 
no lubricating ring is disposed are spaced apart by a 
separator for keeping the adjoining rolling elements in 30 
a spaced relation in the circulation paths. 
[0024] An additional aim of the present invention is to 
provide a relatively movable unit with rolling elements, 
wherein the lubricating rings and the separators are ar- 
ranged according to a predetermined consecutive rela- 35 
tion. For example, such arrangement pattern may be 
adopted that any separator is disposed every predeter- 
mined interval of rolling elements and the lubricating 
rings are interposed between the adjoining rolling ele- 
ments which are located in the interval. 40 
[0025] Another aim of the present invention is to pro- 
vide a relatively movable unit with rolling elements, 
which is adapted for use in a linear motion guide unit 
comprising a track rail for providing the first member 
having on lengthwise opposing side surfaces thereof the *s 
first raceway grooves for the first raceways, and a sliding 
element for providing the second member mounted on 
the track rail for sliding movement relative to the track 
rail through the rolling elements. 

[0026] A further aim of the present invention is to pro- so 
vide a relatively movable unit with rolling elements, 
wherein the sliding element has a casing and end caps 
secured to the opposing ends of the casing, the casing 
being provid d with s cond rac way grooves for defin- 
ing th rac ways in cooperation with the first raceway ss 
groov s, the casing further being provided therein with 
the return-paths for th rolling elements, ar 'he end 
caps being form d therein with the turnaround-paths for 



guiding the rolling elem nts from the rac ways to th 
return-paths. 

[0027] Another aim of the present invention is to pro- 
vide a relatively movable unit with rolling elements, 
which is adapted for use in a ball nut and screw assem- 
bly comprising a screw shaft having a first helical groove 
equivalent to the first member having the first raceway 
grooves, a nut equivalent to the second member mount- 
ed on the screw shaft for rotating movement relative to 
the screw shaft. 

[0028] A further aim of the present invention is to pro- 
vide a relatively movable unit with rolling elements, 
wherein the nut is provided with a helical groove equiv- 
alent to the second raceway grooves, the helical groove 
being formed in confrontation with the first helical groove 
so as to define the raceway therebetween, and a return- 
path communicated with the raceways at the opposing 
ends thereof so as to allow the rolling elements to run 
in a circulating manner. 

[0029] Anolher aim of the present invention is to pro- 
vide a lubricating ring adapted for use in a relatively 
movable unit with rolling elements, wherein the lubricat- 
ing ring is produced by forming a mixture of resinous 
materials with lubricants in a mold under pressure, and 
heating the molded mixture under pressure. 
[0030] A further aim of the present invention is to pro- 
vide a molding machine for producing the lubricating 
ring, wherein the molding apparatus comprises annular 
molds to be filled with the mixture, steel balls equivalent 
in configuration to the rolling elements disposed be- 
tween any adjacent annular molds, a casing having a 
cavity in which the annular molds and steel balls are al- 
ternately arranged, pushing means for compressing the 
mixtures in the annular molds so as to bring the steel 
balls into contact with each other, and heating means 
provided around the casing to heat the mixtures in the 
annular mold. 

[0031] A further aim of the present invention is to pro- 
vide a molding machine adapted for producing the lubri- 
cating ring, wherein the annular mold is of a hollow cyl- 
inder, and the balls are charged in the cavity in the cas- 
ing so as to be closely fitted with substantially no clear- 
ance while allowed to make rotation relative to each oth- 
er. 

[0032] An additional aim of the present invention is to 
provide a molding machine adapted for producing the 
lubricating ring, wherein the annular mold is closed at 
opposing axial openings thereof with the steel balls 
which are brought into engagement with inner peripher- 
al edges of the openings. 

[0033] The relatively movable unit designed as de- 
scribed above allows to adopt just the prior type of rel- 
atively movable unit such as the linear motion guide unit 
or th ball nut and scr w assembly without changing 
specifications. The lubricating rings may be disposed 
with making us of th clearances that have already oc- 
curr d in b tw en the rolling elements in the prior rela- 
tively movable units. As a result, the lubricating rings 
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may b at I ast partially in contact with any adjoining 
rolling elem nts to thereby lubricate the rolling ele- 
ments. 

[0034] On the production of the lubricating rings in the 
molding apparatus, the annular molds and steel spheres 
are alternately charged in the cylindrical cavity in the 
casing. At the same time the mixture of lubricants with 
resinous materials is poured in the annular mold. The 
mixture confined in each space defined by the steel 
spheres and interposed annular mold is heated while 
the steel spheres and annular rings are arranged in a 
row where any adjoining spheres are in contact with 
each other in any annular mold interposed between the 
spheres. Therefore, the lubricating rings may be contin- 
uously, effectively mass-produced by virtue of just the 
spherical surfaces of the steel spheres. 
[0035] For lubrication of the rolling elements, the prior 
linear motion guide unit or the ball nut and screw assem- 
bly has been inevitably required to change the specifi- 
cations of components or parts : or provide additional 
clearances. Whereas the relatively movable unit of this 
invention may provide positive lubrication for the rolling 
elements by merely disposition of any lubricating ring in 
the clearance between the adjoining, rolling elements 
without accompanying the changes in primary specifi- 
cations of the prior relatively movable units. 
[0036] The lubricating rings are each interposed be- 
tween any clearance where any adjoining rolling ele- 
ments are in contact with each other and also make con- 
tact with the rolling elements through only the lubricant 
film. Hence the lubricating rings may save Irom the large 
load such as that applied to the rolling elements, result- 
ing in no premature wear as well as no generation of 
abrasion dust. Moreover, the lubricating rings of this in- 
vention may serve as buffers for absorbing noise due to 
the collision of the rolling elements against the track rail 
and thus has the function of quieting. The lubricating 
rings may be successively, inexpensively produced by 
the molding apparatus simple in structure, because the 
rings are fabricated by the mere steps of charging alter- 
nately the annular molds and steel spheres in the cylin- 
drical casing, and pouring the mixture of lubricants with 
resinous materials in the annular molds. 
[0037] The lubricant replenishment through the nipple 
may be used in addition to the lubricating rings. The rel- 
atively movable unit of the present invention may be 
made to remain lubricated for a long term even the ex- 
ternal supply of lubrication is interrupted or fails. This 
relatively movable unit is adapted for use in clean envi- 
ronment because of no scatter of lubricants. 
[0038] Other aims and features of the present inven- 
tion will be more apparent to those skilled in the art on 
consideration of the accompanying drawings and fol- 
lowing specification wh rein ar disclosed pref rred 
embodiments of the invention with the understanding 
that such variations, modifications and limination of 
parts may b made therein as fall within the scope of 
the appended claims without departing from the spirit of 



th invention. 

[0039] Embodiments of the present invention will now 
be described, by way of example only, with reference to 
the accompanying drawings, in which:- 

5 

FIG. 1 is a side elevation view showing a preferred 
embodiment of a lubricating ring, which is adapted 
for use in a relatively movable unit with rolling ele- 
ments according to the present invention; 
io FIG. 2 is a section view of the lubricating ring shown 
in FIG. 1; 

FIG. 3 is a side elevation view showing an another 
embodiment of a lubricating ring, which is adapted 
for use in a relatively movable unit with rolling ele- 
15 . ments according to the present invention; 

FIG. 4 is a section view of the lubricating ring shown 
in FIG. 3; 

FIG. 5 is a fragmentary sectional view showing a 
relatively movable unit with rolling elements also 

20 embodying the present invention, which is adapted 
to a linear motion rolling guide unit having the lubri- 
cating rings of FIGS. 3 and 4; 
FIG. 6 is a longitudinal sectional view showing an 
embodiment of an apparatus for producing a lubri- 

25 eating ring according to the present invention; 

FIG. 7 is a graph representation explaining noise 
characteristics of a relatively movable unit accord- 
ing to the present invention; 

FIG. 8 is a graph representation explaining noise 
30 spectra of a relatively movable unit according to the 

present invention; 

FIG. 9 is a partially cutaway perspective view show- 
ing a prior linear motion guide unit; and 
FIG. 10 is a partially cutaway perspective view 
35 showing a prior ball nut and screw assembly. 

[0040] Referring to FIGS. 1 to 4, there are illustrated 
rolling elements, or balls 7, and lubricating rings 20, 22 
to be incorporated in relatively movable units such as 

40 the linear motion guide unit shown in FIG. 9 : or the ball 
nut and screw assembly in FIG. 10. As the prior arts may 
be just employed for the linear motion guide unit and 
ball nut and screw assembly, the same reference char- 
acter identities equivalent or same parts in the prior arts 

45 and the repetition of the same parts and the operation 
thereof will be omitted. 

[0041] The lubricating rings 20 in FIGS. 1 and 2 are 
each disposed in a clearance between any adjoining 
rolling elements, or steel balls 7. The lubricating ring 20 

50 is of an annular member having a circular cross-section 
taken along any plane involving the centers of the balls 
7, in other words, showing a circle in the section normal 
to the circumferential direction thereof. The adjoining 
st \ balls 7 describ d with dashed lin s mak contact 

55 with ach other at a c nter A of an op ning 25 in th 
lubricating ring 20, which holds the balls in sliding con- 
tact r lation at an arc d surface 21 thereof for supplying 
lubricants on the surfaces of the balls 7. 
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[0042] Another lubricating ring 22 embodying the 
present invention shown in FIGS. 3 and 4 is also dis- 
posed in a clearance between any adjoining rolling ele- 
ments, or steel balls 7. The lubricating ring 22 is of an 
annular member which has a cylindrical outer surface 
23 and is provided inside thereof with spherical pockets 
for partially receiving the adjoining balls 7. In other 
words, the lubricating ring 22 is designed such that any 
cross-section normal to the circumferential direction 
thereof has two arced sides and one straight line. The 
lubricating ring 22 is f u rther provided at the center there- 
of with a window 25 so that the adjoining balls 7 confined 
partially in the pockets may make contact with each oth- 
er through the window 25. 

[0043] Having described the cross-sectional configu- 
rations of the lubricating rings 20 and 22, it is believed 
obvious the other modification and variation may be al- 
lows in light of the above teachings. 
[0044] Referring to FIG. 5 showing a linear motion 
guide unit, wherein the parts common to the linear mo- 
tion guide unit in FIG. 9 are identified by the same ref- 
erence character and the detailed descriptions thereof 
are omitted below. 

[0045] The linear motion guide unit in FIG. 5 primarily 
comprises a linear track rail 2 and sliding element, or a 
slider 1 , saddling on the track rail 2 for sliding movement 
relative to the track rail 2. The track rail 2 is provided on 
its lengthwise opposing side surfaces 3 with raceway 
grooves 4, only one of the grooves being shown. The 
slider 1 is composed of a casing 5 having raceway 
grooves 9 confronting the raceway grooves 4. and end 
caps 6 secured to the ends of the casing 5, only one cap 
being shown, which ends are opposed lengthwise or 
along the moving direction of the slider 1. 
[0046] Raceways 26 are defined between the con- 
fronting raceway grooves 4 and 9 of the track rail 2 and 
casing 5. A plurality of the rolling elements, or steel balls 
7, are filled in the raceways 26 so as to run in contact 
with each other as well as with the confronting raceway 
grooves 4 and 9. The casing 5 is further formed therein 
with bores 12 providing return-paths 27 for the balls 7. 
The end caps 6 are provided with turnaround-paths 28 
for guiding the balls 7 from the raceways 26 towards the 
return-paths 27. It will be thus understood that the race- 
ways 26, turnaround-paths 28 and return-paths 27 pro- 
vide, in combination, circulation passages and the balls 
may run along the paths in freely circulating movement. 
The end caps 6 are provided separately from the casing 
5 and abutted at 29 to the casing 5 so that the raceways 
26 are communicated with the turnaround-paths at 29. 
[0047] Other adjoining balls 7 between which no lu- 
bricating ring 22 is disposed are spaced apart by a sep- 
arator 30 for keeping the adjoining balls 7 in a spaced 
r lation in circulating mov ment. To help ensure good, 
ffective lubrication support for balls 7 and rac way 
grooves 4 and 9, it is preferred to arrange the s parators 
30 in all clearanc s between the adjoining balls 7, ex- 
cept for the cl arances wh re th lubricating rings 22 



are interposed between the balls. That is, it is recom- 
mended that any one of the lubricating rings 22 and sep- 
arators 30 is interposed between the adjoining balls 7. 
The separators 30 may be interposed in accordance 
5 with such arranging pattern that the separator 30 is in- 
terposed at regular intervals of the clearance, for exam- 
ple, as shown in FIG. 5, every three consecutive clear- 
ances where the lubricating rings are disposed. It will be 
noted that the separator 30 is not limited to the structure 
10 described above and may be substituted by other types 
of separator, or the separator having been disclosed in 
Japanese Patent Laid-Open No. 281154/1998. 
[0048] The separator 30 is used to minimize, prefer- 
ably to eliminate the clearance between the adjoining 
1 $ balls 7 in the circulating paths. Minimizing the clearanc- 
es between the adjoining balls 7 results in that the lubri- 
cating rings 22 may be firmly supported at the peripheral 
edges of the pockets in a sliding contact relation with 
the balls 7 so that the lubricating rings 22 may be pre- 
20 vented from rattling between the balls 7 and falling out 
of the circulating paths. The separator 30 is preferably 
made of wear proof resinous material or oleoresinous 
material such as polyacetal resin to provide more effec- 
tive lubrication and sliding property with the balls. 
25 [0049] The lubricating rings 20, 22 are fabricated by 
mixing the mixture of poly (a-olefinic) polymer such as 
polyethylene, polypropylene or the like with a lubricating 
oil selected from the group of paraffin hydrocarbons, 
mineral oils, ester oils and ether oils, melting the mixture 
30 with heating in a predetermined mold, and solidifying the 
molten mixture by cooling. According to one example, 
a resinous material was prepared by mixing 75% by 
weight of turbine oils with 25% by weight of ultrahigh 
molecular weight polyethylene powder having a mean 
35 grain size of 30 pirn. The mixture of resinous material 
was heated up to about 150 °C in a mold and then so- 
lidified by cooling whereby the desired product was ob- 
tained. 

[0050] The folbwing explains a method of fabricating 
40 the lubricating ring 22 and an apparatus therefor with 
reference to FIG. 6. 

[0051] A molding apparatus 31 shown in FIG. 6 is pro- 
vided with a casing 32 of substantially cylindrical shape, 
and heating means 33 arranged at a predetermined 

45 zones around the casing, the heating means 33 being 
of heaters 33a adjustable in heating temperature. The 
molding apparatus 31 has pushing means of a push rod 
37 which is disposed at one end of the casing 32. The 
push rod 37 is formed therein with runner 38 for feed a 

50 mixture M of lubricants with resinous materials there- 
through. The runner 38 is divided into branch runners 
38a which are opened at outlets 38b. A plurality of an- 
nular molds 36 are loosely successively mounted on the 
push rod 37 so as to b one by one thrust out of th push 

ss rod 37 by the sliding action of a thruster which is fitted 
on the push rod 37 for sliding movement. It will be noted 
that oil baths regulated at a r quired temperature may 
be substituted for the heaters 33a in the h ating means 



6 



11 EP0 924 

33. 

[0052] The casing 32 of the molding apparatus 31 is 
formed therein with a cylindrical cavity 34 in which the 
annular molds 36 and steel spheres 35 equivalent to the 
balls 7 are alternately charged. Upon retraction of both s 
of the push rod 37 and thruster 39, a steel sphere 35 is 
charged at an opening of the casing 32 and then forced 
into the cavity 34 by the push rod 37. While the push rod 
37 is abutting on the steel sphere 35, the thruster 39 
forces out an annular mold 36 and at the same time the 10 
mixture M is poured in the annular mold 36 from the out- 
lets 38b of the runner 38. Subsequently another steel 
sphere 35 is charged in the cavity 34 and the steps de- 
scribed above are repeated. 

[0053] The annular mold 36 is of a hollow cylinder is 
short in its axial length and having an outer diameter to 
be closely fined in the cavity 34. It is of course that the 
steel sphere 35 has the diameter to be closely fitted in 
the cavity 34. The adjoining steel spheres 35 are in con- 
tact with each other and in engagement with the inner 20 
peripheral edges of the annular mold 3 interposed be- 
tween the spheres 36. To help ensure that positive en- 
gagement of the adjoining balls 35 with each other as 
well as with the inner peripheral edges of the annular 
mold 36, it is preferred to provide a retractable backup 2S 
member 37b for supporting a row of annular molds 36 
and spheres 35 against the push rod in synchronous 
with the forcing stroke of the push rod 37. The mixture 
M is confined in each space defined by the steel spheres 
35 and interposed annular mold 36 while being forced 30 
by the following spheres 35 through the heated zone 
where the mixture is cured at about 150 °C . 
[0054] The molded lubricating rings 22 are solidified 
by cooling and taken out from the opened end of the 
casting 32 by virtue of the spheres 35 charged one after 3S 
another by the push rod 37. Although the lubricating 
rings 22 are in general natural -cooled in the atmos- 
phere, it is allowed to use forced-air cooling means ar- 
ranged around the casing 32. 

[0055] the resinous member for use in the lubricating 40 
ring 22 may be made from any material other than than 
described above, such as a high molecular polyethyle 
powder of grading, for example, fine grading of 30u. or 
coarse grading of in the range of from 250 u.m to 300 
urn The high molecular polyethylene is packed in a *s 
mold and then heated under high pressure to thereby 
provide an open-cellular sintered resinous member. 
This sintered member is immersed in turbine oil for 
about 30 minutes whereby a lubricating ring impregnat- 
ed with turbine oil may be produced. The porosity in the so 
open-cellular sintered member may be determined in 
the range of from 40% to 50%. Percentage of lubricant 
content may be regulated according to the operating 
conditions of the slider 1 or nut 42 and determin d to, 
for example, 41% by weight. ss 
[0056] Th lubricating rings 22 produc das described 
above are incorporated in the linear motion guide unit 
in FIG. 9 or the ball nut and screw assembly in FIG. 10 
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so as to cooperat with th rolling I ments, or balls 7 
or 44. The lubricant may exud from the lubricating rings 
22 to be applied to th balls 7 or 44, which are in contact 
with the rings 22. This means that the balls 7, 44 lubri- 
cate the raceways 4, 9 or helical grooves 43, 47 which 
are in contact with the balls 7, 44. It will be understood 
that the lubricant replenishment through the nipple 11 
may be used in addition to the lubricating rings 20, 22. 
[0057] According to the relatively movable units in 
which the lubricating rings 20, 22 are interposed be- 
tween the adjacent balls 7, the lubricating rings 20, 22 
may serve as buffers for absorbing noise due to the col- 
lision of the balls 7 circulating through raceway paths. 
The relatively movable units of this invention may con- 
tribute to qieting in the apparatus, such as machine 
tools, assembling devices or the like. 
[0058] FIGS. 7 and 8 show the noise control by the 
lubricating rings 20, 22. 

[0059] Shown in FIG. 7 is the sound characteristic, or 
relative velocity (m/min) vs. noise level (dB(A) ) in the 
relatively movable unit of the present invention, while 
FIG. 8 illustrates the noise spectra (90m/min) of the rel- 
atively movable unit of this invention, or the distribution 
of the noise level [dB(A)] in accordance with the frequen- 
cy. 

[0060] LinesB explain the relations in the prior linear 
motion guide unit that is lubricated by only lubricant sup- 
plied externally through the grease nipples. The lines C 
are the relations in the linear motion guide unit provided 
with the lubricating rings which are interposed between 
the adjoining balls. Further lines D concern with the case 
where the lubricant replenishment through the nipple is 
used in addition to the lubricating rings. 
[0061] In comparison of lines B with C in connection 
with the sound characteristics and noise spectra, it will 
be understood that the qieting is accomplished by the 
provision of the lubricating rings interposed between the 
balls. The lines D apparently show it is recommended 
for further quieting in the linear motion guide units to re- 
plenish externally the lubricant in addition to the lubri- 
cating rings of the present invention. 



Claims 

1. A relatively movable unit with rolling elements com- 
prising a first member(2,44) provided with first race- 
way grooves(4), a second member(1,42) movable 
relative to the first member(2,44) and provided with 
second raceway grooves(9) confronting with the 
first raceway grooves(4), rolling elements(7,44) 
movable along raceways(26) defined between the 
confronting first and second raceway grooves(4,9), 
and at least one lubricating ring(22) interposed be- 
tween any adjoining rolling elements(7,44) so as to 
run through the raceways(26) together with the roll- 
ing elements(7, 44) whil lubricating the rolling le- 
ments(7,44). 
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2. A relatively movable unit with rolling elem nts ac- 
cording to claim 1, wherein the lubricating ring(22) 
is of a configuration having a cylinder of cross-sec- 
tion along a peripheral direction thereof. 

5 

3. A relatively movable unit with rolling elements ac- 
cording to claim 1, wherein the lubricating ring(22) 
is provided inside thereof with spherical pockets 
(24) for partially receiving the adjoining rolling ele- 
ments (7,44). io 

4. A relatively movable unit with rolling elements ac- 
cording to claim 1 , wherein the lubricating ring(22) 
is provided at the center thereof with a window(25) 

so that the adjoining rolling elements(7) make con- is 
tact with each other through the window(25). 

5. A relatively movable unit with rolling elements ac- 
cording to claim 1 , wherein the rolling elements(7) 
and lubricating rings(22) run along endless circula- 20 
tion passages inclusive of the raceways(26) in free- 
ly circulating movement. 

6. A relatively movable unit with rolling elements ac- 
cording to claim 5, wherein the endless circulation 2s 
passages are comprised of the raceways(26) 
formed by the second raceway grooves(9) on the 
second member(2, 44), turnaround-paths(28) pro- 
vided in end caps(6) secured to the opposing ends 

of the second member(2,44) so as to communicate 30 
with the raceways(26), return-paths(27) provided in 
the second member(2,44) so as to communicate 
with the turnaround-paths(28). 

7. A relatively movable unit with rolling elements ac- 35 
cording to claim 5, wherein other adjoining rolling 
elements(7) between which no lubricating ring(22) 

is disposed are spaced apart by separators(30) for 
keeping the adjoining rolling elements(7) in a 
spaced relation in the circulation paths(26). 40 

8. A relatively movable unit with rolling elements ac- 
cording to claim 7, wherein the lubricating rings(22) 
and the separators (30) are arranged in accordance 
with a predetermined consecutive relation. *s 

9. A relatively movable unit with rolling elements ac- 
cording to claim 1 , adapted for use in a linear motion 
guide unit comprising a track rai!(2) for providing the 
first member(2) having on lengthwise opposing side so 
surfaces(3) thereof the first raceway grooves(4) for 

the first raceways, and a sliding element(1 ) for pro- 
viding the second member(1) mounted on the track 
rail(2) for sliding movem nt r lativ to the track rail 
(2) through the rolling el ments(7). ss 

10. A relatively movable unit with rolling el ments ac- 
cording to claim 9, wherein the sliding element(1) 



has a casing(5) and end caps(6) secured to the op- 
posing ends of the casing(5). the casing(5) being 
provided with second raceway grooves(9) for defin- 
ing the raceways(26) in cooperation with the first 
raceway grooves(2), the casing(5) further being 
provided therein with the return-paths(12) for the 
rolling elements(7), and the end caps(6) being 
formed therein with the turnaround-paths(26) for 
guiding the rolling elements(7) from the raceways 
(26) to the return-paths (26). 

11. A relatively movable unit with rolling elements ac- 
cording to claim 1 , adapted for use in a ball(44) and 
screw assembly(40) comprising a screw shaft(41 ) 
having a first helical groove(43) equivalent to the 
first member(2) having the first raceway grooves, a 
nut (42) equivalent to the second member mounted 
on the screw shaft(41) for rotating movement rela- 
tive to the screw shaft(41). 

12. A relatively movable unit with rolling elements ac- 
cording to claim 1 1 , wherein the nut(42) is provided 
with a helical groove(43) equivalent to the second 
raceway grooves, the helical groove(47) being 
formed in confrontation with the first helical groove 
(43) so as to define the raceway(49) therebetween, 
and a return-path (48) communicated with the race- 
ways(49) at the opposing ends thereof so as to al- 
low the rolling elements to run in a circulating man- 
ner. 

13. A relatively movable unit with rolling elements ac- 
cording to claim 1 , wherein the lubricating ring(22) 
is produced by forming a mixture of resinous mate- 
rials with lubricants in a mold under pressure in a 
molding apparatus(31), and heating the molded 
mixture under pressure. 

14. A relatively movable unit with rolling elements ac- 
cording to claim 1 3, wherein the molding apparatus 
(31) comprises annular molds(36) to be filled with 
the mixture, steel balls(35) equivalent in configura- 
tion to the rolling elements(7) disposed between 
any adjacent annular molds(36), a casing(32) hav- 
ing a cavity(34) in which the annular molds(36) and 
steel balls(35) are alternately arranged, pushing 
means for compressing the mixtures in the annular 
molds(36) so as to bring the steel balls(35) into con- 
tact with each other, and heating means(33) provid- 
ed around the casing(32) to heat the mixtures in the 
annular mold(36). 

15. A relatively movable unit with rolling elements ac- 
cording to claim 14, wherein th annular mold(36) 
is of a hollow cylinder, and the balls(35) are charged 
in th cavity in the casing so as to be closely fitted 
with substantially no clearance whil allowed to 
make rotation relative to each other. 
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1 6. A r lativ ry movable unit with rolling I m nts ac- 
cording to claim 15, wherein the annular mold(36) 
is closed at opposing axial openings thereof with the 
steel balls(35) which are brought into engagement 
with inner peripheral edges of the openings. $ 
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bricating ring(22) is arranged between the adjoining 
balls(7). The lubricating ring(22) is provided therein with 
spherical pockets(10) opened to each other through a 
window(25) at the center of the ring(22). The lubricating 
ring(22) may be produced by forming a mixture of lubri- 
cant of turbine oil with resinous material of ultrahigh mo- 
lecular weight polyethylene powder in a mold under 
pressure, and heating the molded mixture under pres- 
sure. 
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